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LEACHING GOLD-SILVER ORES WITH SODIUM CYANIDE 
AND THIOUREA UNDER COMPARABLE CONDITIONS 

By J. A. ~isele,' A. E. ~ u n t , ~  and D. L  amps shire^ 

ABSTRACT 

There i s  cu r ren t ly  m c h  i n t e r e s t  i n  how e x t r a c t i o n  of gold and s i l v e r  
from ores  with a c i d i c  th iourea  s o l u t i o n  compares wi th  e x t r a c t i o n  us ing  
a l k a l i n e  cyanide so lu t ion .  Ag i t a t ion  leaching t e s t s  were performed by 
t h e  Bureau of Mines on 14 precious metal ores  us ing  sodium cyanide 
(NaCN) and th iourea  [(NH2)2CS] a s  ex t r ac t an t s .  The ob jec t ive  was t o  
compare t h e  r e s u l t s  of t h e  two ex t r ac t an t s .  NaCN was used a t  a concen- 
t r a t i o n  of 2 g/L wi th  and without H202 a s  an oxidant. (NH2)2CS was used 
a t  concent ra t ions  of 2 and 20 g/L, and t h e  s o l u t i o n  p o t e n t i a l  was con- 
t r o l l e d  a t  390 t o  420 mV s tandard  hydrogen e l ec t rode  (Eh) with 
Fe2(S04)3. With both reagents  a t  2 g/L e x t r a c t a n t  l e v e l s ,  NaCN ex- 
t r a c t e d  more gold and s i l v e r  than  (NH2)$S from a l l  of t h e  ores. A t  
20 g / L  (NH2)$S compared with 2 g/L NaCN, (NH2)2CS ex t r ac t ed  more gold 
t h a n  NaCN from two ores ,  t h e  same amount from one ore,  and more s i l v e r  
from one ore. NaCN ex t rac t ed  more gold than (NHZ)2CS from 10 ores  and 
more s i l v e r  from 4 ores.  

'Supervisory chemical engineer.  
2physical  science technician.  
Reno Research Center, Bureau of Mines, Reno, NV. 



INTRODUCTION 

Cyanidation has been used almost exclu- 
s i v e l y  f o r  leaching gold and s i l v e r  s ince  
i t s  in t roduct ion  100 yr  ago. Recently, 
t he re  has been m c h  i n t e r e s t  i n  the  min- 
ing  and meta l lurg ica l  processing indus- 
t r i e s  i n  th iourea  a s  an ex t r ac t an t  f o r  
gold and s i l v e r  (1-3, -- -- 6-14).3 Thiourea 
e x t r a c t s  gold i n  an a c i d i c  medium (pH 11, 
and a t  a  s o l u t i o n  oxidat ion p o t e n t i a l  
such t h a t  the  dimer, formamidine d i su l -  
f i d e ,  i s  formed and is t h e  ex t rac tant .  

F e r r i c  s u l f a t e  i s  commonly used as  an 
oxidant t o  achieve and maintain t h e  oxi- 
da t ion  p o t e n t i a l  of the  s o l u t i o n  i n  the  
proper range f o r  dimer formation. The 
d i s so lu t ion  of gold by thiourea ( for -  
mamidine d i s u l f i d e )  i s  expressed by 

Au + 2(NH2)p3 + A U [ ( N H ~ ) ~ C ] ~ S  + e- ,  (A) 
+ 

with gold so lub i l i zed  a s  a  c a t i o n i c  
complex. 

Cyanide e x t r a c t s  gold i n  an a l k a l i n e  
medium, and although no oxidant o the r  
than a i r  from a g i t a t i o n  is genera l ly  
appl ied ,  add i t ion  of an oxidant may be 
bene f i c i a l  (4). The d i s so lu t ion  of gold 
by cyanide iy expressed by 

with gold so lub i l i zed  a s  an anionic  
complex. 

EXPERIMENTAL 

Thiourea leaching so lu t ions  were pre- 
pared by d i s so lv ing  reagent-grade 
(NH2)2CS i n  water and ac id i fy ing  with 
H2S04 t o  pH 1. Fifty-gram samples of ore  

3 ~ n d e r l i n e d  numbers i n  parentheses re-  
f e r  t o  items i n  t h e  list of re ferences  a t  
t h e  end of t h i s  repor t .  

This Bureau of Mines study was under- 
taken t o  compare t h e  ex t r ac t ion  of gold 
and s i l v e r  from a v a r i e t y  of precious 
metal ores  under comparable condit ions of 
reagent concentrat ions,  time of leaching,  
and a t  oxidant l e v e l s  t h a t  enhance ex- 
t r a c t i o n  f o r  both cyanide and thiourea. 

A NaCN concentrat ion of 2 g/L (4 l b / s t  
s o l u t i o n  o r  12 l b l s t  ore under t e s t  con- 
d i t i o n s )  was used because t h i s  is a com- 
monly used l e v e l  i n  cyanidat ion of pre- 
cious metal ores.  For some ores  t h a t  
conta in  no cons t i t uen t s  such a s  base 
metal s u l f i d e s  o r  carbonaceous compounds. 
which i n t e r f e r e  with cyanidat ion (c lean  
oxide o res ) ,  a  NaCN l e v e l  a s  low a s  
0.17 g/L (0.33 l b / s t  so lu t ion  o r  1 l b / s t  
o r e )  may be s u f f i c i e n t .  However, f o r  
o re s  containing cyanicides,  m c h  h igher  
l e v e l s  than 2 g/L may be necessary t o  
ob ta in  good precious metal ex t r ac t ion .  
One ore  used i n  t h i s  study requi red  
100 g/L (200 l b / s t  s o l u t i o n  o r  600 l b / s t  
o r e )  NaCN concentrat ion t o  obta in  over 
90 pc t  gold ex t rac t ion .  

A (NHz)zCS concentrat ion of 2 g/L was 
used t o  give a  d i r e c t  comparison wi th  
NaCN. A second l e v e l  of (NHZ)2CS concen- 
t r a t i o n ,  20 g/L, was a l s o  used because 
most previous leaching s t u d i e s  had used 
concent ra t ions  of 1 pc t  and higher ,  and 
i t  i s  of i n t e r e s t  t o  know i f  i nc reas ing  
t h e  reagent l e v e l  tenfo ld  g r e a t l y  in- 
c reases  t h e  gold and s i l v e r  ex t r ac t ion .  

PROCEDURES 

and 150 mL of leaching s o l u t i o n  were 
a g i t a t e d  i n  a  beaker by magnetic s t i r -  
ring. F e r r i c  s u l f a t e  was added a s  needed 
t o  maintain t h e  p o t e n t i a l  of t h e  s l u r r y  
between 390 and 420 mV Eh, which is a 
s u i t a b l e  range f o r  gold e x t r a c t i o n  by 
th iourea  (1). Leaching was a t  ambient 
temperature f o r  5 h. 



Cyanide leaching t e s t s  were performed 
by adding reagent-grade NaCN and NaOH t o  
50% samples of o r e  and 150 mL of water 
t o  br ing  the  pH of t h e  s l u r r y  t o  about 
11. S l u r r i e s  were a g i t a t e d  a s  above f o r  
5 h a t  ambient temperature. I n  some cya- 
n ide  leaches,  hydrogen peroxide was added 
i n  small  increments t o  br ing t h e  redox of 
t h e  s o l u t i o n  t o  t h e  des i red  level .  

Af t e r  the  leaching period,  s l u r r i e s  
were f i l t e r e d  and t h e  res idues  were 
washed. Precious metal contents  of head 
samples and res idues  were determined by 
f i r e  assay. The gold and s i l v e r  content 
of pregnant so lu t ions  was determined by 
atomic absorpt ion  spectrometry. When 
us ing  atomic absorpt ion ana lys i s  care  
must be taken t o  obta in  c o r r e c t  values 
(2). Background absorpt ion  can cause a 
f a l s e ,  high reading unless  background 
co r rec t ions  a r e  properly made, e spec ia l ly  
i n  t h e  case of th iourea  so lu t ions  con- 
t a i n i n g  d i l u t e  s u l f u r i c  acid. Another 
source of poss ib l e  e r r o r  i n  atomic ab- 
s o r p t i o n  a n a l y s i s  was t h e  following: 
a f t e r  prolonged use of an atomic absorp- 
t i o n  analyzer  f o r  gold ana lyses ,  mostly 
i n  a l k a l i n e  cyanide so lu t ion ,  t h e  s t a i n -  
l e s s  s t e e l  i n t e r n a l  l i n i n g  of the  nebu- 
l i z e r  was gold plated. This can r e s u l t  
i n  e r r o r  i n  two ways, f i r s t ,  low values 
f o r  t h e  sample from which gold is 
cemented, and second, poss ib le  d isso lu-  
t i o n  of gold by fol lowing samples and 
r e s u l t a n t  f a l s e  high value. The poss ib l e  
d i s s o l u t i o n  i s  more l i k e l y  by a th iourea  
s o l u t i o n  sample because th iourea  is known 
t o  d i s so lve  a gold d i sk  more rap id ly  
than  cyanide (7) .  - The use of a Tef lon4 

4 ~ e f e r e n c e  t o  s p e c i f i c  products does 
not  imply endorsement by t h e  Bureau of 
Mines. 

f luorocarbon polymer nebul izer  avoids 
such a problem. 

Percent e x t r a c t i o n  was ca lcula ted  from 
t h e  amount of gold i n  the  pregnant so lu-  
t i o n  and i n  t h e  ca lcula ted  head; i . e . ,  
t h e  amount i n  t h e  pregnant s o l u t i o n  
determined by atomic absorption plus t h e  
amount i n  t h e  residue determined by f i r e  
assay. When t h e  amount i n  the  pregnant 
s o l u t i o n  was below t h e  de tec t ion  l i m i t ,  
e x t r a c t i o n  was considered t o  be zero. 
Values of l e s s  than 0.5 t r  oz /s t  Ag were 
not considered i n  ex t r ac t ion  c a l c u l a t i o n s  
because ma te r i a l  balances a r e  d i f f i c u l t  
t o  obta in  and the  monetary value is very 
low. 

A l l  ox ida t ion  p o t e n t i a l  measurements 
were made with Ag-AgC1 and Pt e l ec t rodes ,  
but a r e  reported i n  terms of Eh. 

Fourteen samples used f o r  the  t e s t s  had 
a range of gold and s i l v e r  values and of 
base metal content.  Analyses of the  o r e s  
a r e  given i n  t a b l e  1. P a r t i c l e  s i z e  of 
t h e  samples was nominally 100 mesh. The 
minerals l i s t e d  were i d e n t i f i e d  by X-ray 
d i f f r a c t i o n ,  which d e t e c t s  only those  
present  i n  l a rge  amounts; small quanti-  
t i e s  would go unreported. For example, 
sample 8, which contains 2.8 pc t  A s  and 
2.0 pct S, is a mater ia l  from an a r e a  
noted f o r  i t s  orpiment and r e a l g a r  min- 
e r a l s ,  although none were i d e n t i f i e d  i n  
t h e  X-ray scan. Table 1 shows some were 
gold ores  wi th  very l i t t l e  s i l v e r ,  one 
was a s i l v e r  ore  with no gold, and sev- 
e r a l  contained s i g n i f i c a n t  values of 
both. Samples 1 through 7 represent  
c l ean  oxide o res ,  which should be r e a d i l y  
amenable t o  cyanidation. Samples 8 
through 14 conta in  me ta l l i c  and non- 
m e t a l l i c  elements t h a t  a r e  known t o  
i n t e r f e r e  with cyanidation. 



TABLE 1. - Analyaea and e x t r a c t i o n  of gold and s i l v e r  from ores  

- 
Sample 

- 
I..... 
2..... 

3..... 

4..... 
5..... 

6..... 

7..... 
8..... 

9..... 

10.. .. 
ll.... 

12.... 

13.... 

14.... 

Analysis  
Minerals 

i d e n t i f i e d  

Extra 

With 1 

~ ~ -~ 

n, pct  - 
5 h - 
L 

E 
UAp 
VAp 

VAp 

NAP 
NAP 

100 

NAP 
NAP 

7 7  

65 

28 

10 

NAP 

348 - 

ozl ton r - 
NaCN 
No ox - 

Au 
92 
82 

{ 2:; 
82 

100 

{ 2:: 
67 
67 

( 2  1:: 

{ 2 
64 

4 

32 
7 

29 L 

NAP.............. 
NAP....... ....... 
NAP...... ........ 
NAP........ ...... 
NAP.............. 

NAP........... ... 
NAP...... ........ 
NAP.............. 

Sphaler i te . .  ..... 
P y r r h o t i t e ,  

chalcopyr i te .  
Arsenopyrite,  

marcas i te-pyr i te  
Pyri te. .  ......... 
Cerrus i t e ,  galena 

. N .. 
'NO oxidant added, Eh of s l u r r y  above 390 mV a t  s t a r t  and during leach;  subsequent t e s t  with oxidant brought Eh of s l u r r y  

t o  around 500 mV, gold-s i lver  e x t r a c t i o n  d id  not increase .  
2 ~ p l i c a t e  t e s t ,  Eh of s l u r r y  i n  110- t o  220-mV range. 
3 ~ o  oxidant added, Eh of s l u r r y  above 390 mV. 
4 ~ x i d a n t  a d d i t i o n  t o  r a i s e  Eh t b  500 mV ex t rac ted  50 pct  Au, 11 pct  Ag. 
5 ~ a t e r i a l  balance bad, t a i l i n g s  assay 0.01 t r  o z l s t ,  but no Au detected i n  solut ion.  
boxidant a d d i t i o n  t o  r a i s e  Eh above 500 mV d i d  not inc rease  Au, Ag ex t rac t ion .  



RESULTS AND DISCUSSION 

The r e s u l t s  of ex t r ac t ion  t e s t s  a r e  
given i n  t a b l e  1. Cyanide leaches were 
done a t  a concentrat ion of 2 g/L NaCN (12 
l b l s t  ore)  and two conditions. One con- 
d i t i o n  was t h a t  no oxidant was added 
o t h e r  than t h e  a i r  contac t ing  t h e  s l u r r y  
dur ing  ag i t a t ion .  Since add i t ion  of an 
oxidant  may improve precious metal 
ex t r ac t ion ,  t h e  second condi t ion  was with 
H202 added t o  t h e  s l u r r y .  A t e s t  was run 
on ore  t h a t  d id  not respond well  t o  
cyanidat ion t o  determine what l e v e l  of 
HZOZ add i t ion  would be bene f i c i a l .  The 
t e s t  showed t h a t  when t h e  redox of the  
s l u r r y  was maintained i n  the  range be- 
tween 110 and 220 mV Eh, gold e x t r a c t i o n  
increased  from t h e  base l ine  value of l e s s  
than  30 pct t o  more than 50 pct.  Above 
250 mV Eh e x t r a c t i o n  decreased, and, 
above 290 mV Eh, cyanide was consumed and 
no f r e e  cyanide was de tec ted  i n  so lu t ion .  
On t h e  bas i s  of t h i s  t e s t ,  H202 was added 
t o  cyanide leaching s l u r r i e s  t o  maintain 
t h e  p o t e n t i a l  between 110 and 220 mV Eh. 
I d e a l l y ,  such a t e s t  s e r i e s  would be 
run  f o r  each ore sample t o  determine 
t h e  proper l e v e l  of oxidant;  however, 
t h i s  l e v e l  probably gave a good f i r s t  
approximation. 

For samples 3, 6, 9, 10, and 14 no oxi- 
dant  was added t o  the  second NaCN leach 
(with H202 column). Since t h e  redox 
p o t e n t i a l  f o r  t h e  s l u r r y  was already i n  
t h e  des i r ed  range, these  t e s t s  a r e  dupl i -  
c a t e s  of the  f i r s t  s e r i e s .  A range of 
e x t r a c t i o n  values a re  observed when a 
leaching  t e s t  is repeated seve ra l  weeks 
l a t e r .  The d i f f e rence  f o r  sample 3 i s  
unusa l ly  l a rge  f o r  ma te r i a l  with a r e l a -  
t i v e l y  high head value. For sample 9 t h e  
d i f f e r e n c e  between 67 and 100 pc t  extrac-  
t i o n  f o r  gold i s  la rge ,  but f o r  ma te r i a l  
wi th  such a low head assay the  percent 
e x t r a c t i o n  is very s e n s i t i v e  t o  small  
changes. I n  t h i s  case,  t h e  same amount 
of gold was found i n  each pregnant solu-  
t i o n ,  0.02 t r  oz / s t  ore,  but the  t a i l i n g s  
assayed 0.01 t r  o z / s t  f o r  t h e  f i r s t  t e s t  
and none i n  t h e  second t e s t .  

The same type of s i t u a t i o n  was t r u e  f o r  
t h e  s i l v e r  e x t r a c t i o n  of sample 6, t h e  
same amount of s i l v e r  was found i n  each 
pregnant so lu t ion ,  but ,  i n  one case,  no 

s i l v e r  was found i n  the  t a i l i n g s  and 
i n  the o ther  case a small  amount, 
0.2 t r  oz /s t .  In  general ,  addi t ion  of an 
oxidant did not improve gold or  s i l v e r  
ex t r ac t ion ,  with the exception of sample 
11, which contained pyr rho t i t e  and chal- 
copyri te .  The ores  t h a t  contained arse-  
nopyri te ,  p y r i t e ,  and c e r r u s i t e  responded 
poorly t o  cyanidat ion and were not helped 
by t h e  oxidant. The t e s t  conditions-- 
a g i t a t i o n  i n  an open beaker--supplied 
s u f f i c i e n t  oxygen. For sample 14, in-  
c reas ing  t h e  NaCN concentrat ion t o  20 g/L 
and leaching f o r  4 h ex t rac ted  23 pct of 
t h e  Au and 51 pc t  of the  Ag. Increas ing  
the  NaCN concentrat ion t o  100 g /L  (600 
l b / s t  ore)  and leaching f o r  24 h ex- 
t r a c t e d  92 pc t  of the Au and 87 pct of 
t h e  Ag. Cyanide consumption was not 
measured. 

Thiourea leaches were done a t  two 
reagent concentrat ion l eve l s  with the  
redox p o t e n t i a l  of t h e  s l u r r y  maintained 
between 390 and 420 mV Eh. The 2 g/L 
th iourea  l e v e l  gave a d i r e c t  comparison 
of e x t r a c t i o n  with the  cyanide leaching 
t e s t s .  On a molar bas is  t h e  (NH2)zCS 
s o l u t i o n  is weaker (0.026M) than t h e  NaCN 
(0.041M) because of t h e  higher  molecular 
weight of (NH2)2CS. If  the  dimer i s  con- 
s ide red  the  e x t r a c t a n t ,  the  th iourea  so l -  
u t i o n  would be approximately 0.013M. 
However, t h i s  should provide enough 
ex t r ac t an t  t o  adequately d isso lve  t h e  
precious metals,  because even t h e  h ighes t  
grade ore  a t  17 t r  oz / s t  Ag contains 
0.0003 mole of Ag i n  50 g of ore and 
150 mL of t h e  th iourea  s o l u t i o n  contains 
about 0.002 mole of formamidine d i su l -  
f i de .  One-hundred-fifty m i l l i l i t e r s  of 
cyanide s o l u t i o n  contain 0.006 mole of 
NaCN. If  base metals a re  consuming cya- 
nide or  th iourea ,  these  l e v e l s  may be in-  
adequate. This is well  i l l u s t r a t e d  by 
t h e  cyanide l e v e l  required f o r  sample 14, 
100 g/L NaCN, mentioned above. Thiourea 
leaching was a l s o  done with a s o l u t i o n  
containing 20 g/L, which corresponds t o  
l e v e l s  reported g iv ing  good gold ext rac-  
t i o n ,  genera l ly  between 1 and 5 pc t  
thiourea.  

Examination of the  e x t r a c t i o n  values i n  
t a b l e  1 shows t h a t  a t  t h e  2-g/L l e v e l  



th iourea  had mixed success i n  ex t r ac t ing  
gold from the  c lean  oxidized ores ,  sam- 
p l e s  1 through 7. Ext rac t ion  was almost 
t h e  same a s  cyanide f o r  one ore ,  l e s s  
than cyanide f o r  two o res ,  and neg l ig ib l e  
f o r  the  other  ores. When the  thiourea 
l e v e l  was increased t o  20 g/L f o r  t h e  
same ore  samples, r e s u l t s  were again 
mixed, although gold ex t r ac t ions  gener- 
a l l y  increased. For a l l  the  samples of 
t h i s  group (1 through 7) ,  gold ex t r ac t ion  
a t  20 g/L th iourea  was l e s s  than a t  2  g/L 
NaCN, except f o r  sample 4 where i t  was 
higher.  

Examination of the  r e f r ac to ry  group of 
samples (8 through 14) shows t h a t  a t  t h e  

2-g/L l e v e l  th iourea  did not leach gold 
o r  s i l v e r  from seve ra l  ores  t h a t  had 
responded t o  cyanidation, samples 8 
through 11. For the remaining t h r e e  
ores  (samples 12-14) n e i t h e r  cyanide nor  
th iourea  ex t rac ted  m c h  gold o r  s i l v e r .  
A t  20 g/L th iourea ,  gold and s i l v e r  ex- 
t r a c t i o n s  increased over the  2-g/L l e v e l ,  
but were l e s s  than with 2 g/L cyanide, 
except f o r  sample 14. Ore sample 14. 
containing a  l a rge  amount of lead  carbon- 
a t e  and s i g n i f i c a n t  amounts of Cu and Fe, 
had almost half  of i t s  s i l v e r  content 
ex t r ac t ed ;  gold e x t r a c t i o n  was s i m i l a r  t o  
t h a t  obtained with cyanide. 

CONCLUSIONS 

A cursory inves t iga t ion  was made t o  
determine the  e x t r a c t i o n  of gold and 
s i l v e r  from 14 ores  with cyanide o r  
thiourea.  The research indica ted  t h a t  i f  
most ores  cannot be cyanided they w i l l  
not  be leached any b e t t e r  with thiourea. 
Ores t h a t  a r e  amenable t o  cyanidat ion 
genera l ly  give poorer ex t r ac t ion  with 
thiourea.  Thiourea w i l l  probably f i n d  
app l i ca t ion  as  a  leachant f o r  gold only 
under s p e c i a l  condit ions;  f o r  example, 

when an a c i d i c  medium i s  des i r ed  t o  co- 
e x t r a c t  a  metal t h a t  is not leached i n  
a l k a l i n e  cyanide, such a s  uranium. 
Another s p e c i a l  case where th iourea  found 
app l i ca t ion  was i n  leaching a  gold- 
bearing antimony concentrate  (10). The 
f a s t e r  leaching r a t e  of gold, compared t o  
antimony, i n  th iourea  s o l u t i o n  allowed 
t h e  gold t o  be ex t rac ted  before t h e  a n t i -  
mony was attacked. 
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